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While there have been distinct subjects for human intellectual inquires for thousands of years, discipline-based and interdisciplinary research have been with us in the academy for only the last two centuries (Fredeman et al., 
2010). Disciplines covering specifically defined subject matters emerged as universities 
expanded in size since the Industrial Revolution and especially as universities evolved 
increasingly to stress research alongside teaching (Klein, 1990).  Disciplines that could 
hire their own faculty, design their own curriculum, grant their own Ph.D.s, publish 
specialized journals, and hold their own annual meetings have been the driving force 
for the spectacular growth of both the educational and research enterprise of high-
er education throughout the world, especially among American Universities (Jacobs, 
2013; Woeler and Millar, 2013). In the natural sciences and engineering, the hardening 
of disciplines was aided by industrial demand for specialized researchers. Before that 
time, scholars were expected to be generalists.
Ever since the emergence and growth 
of strong disciplines, there have been 
calls for interdisciplinary collaboration 
in the academy for both education and 
research (Graff, 2015). Calls in the early 
twentieth century for interdisciplinarity 
often focused on teaching. This was a re-
action to the creation of the disciplinary 
major. The general education (GenEd) 
movement in the United States and else-
where also aimed to make university 
education more relevant to the needs of 
modern citizenship. In the 1960s again, 
interdisciplinarity was often advocated 
as a means to make university education 
more relevant. It was widely felt that dis-
ciplines were ill-equipped to prepare stu-
dents to address pressing social problems 
(Abbott, 2001). By the start of the twenty 
first century, this interest in interdisci-
plinary education had been matched by 
a growing interest in interdisciplinary re-
search as well (NAS, 2005a; Atkinson and 
Crowe, 2006; Szostak, 2013). 
With the explosion of Big Data during 
the past ten years, discussions on inter-
disciplinary research has entered a new 
phase, with a strong emphasis on conver-
gence research through a team science ap-
proach. The goal of this paper is to pres-
ent a synoptic overview on how we may 
facilitate convergence research in the age 
of big data. The rest of this paper is orga-
nized as the following. After a brief intro-
duction, there is an overview on the gen-
eral concept of convergence research and 
how it is different from traditional multi-, 
inter-, and trans-disciplinary work. The 
following section outlines key elements 
of a team science approach for conduct-
ing data-driven convergence research 
following the emerging fourth paradigm. 
The next session discusses institutional 
strategies, opportunities, and challenges 
to promote convergence research, fol-
lowed by a summary and conclusion in 
the last section. 
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Convergence Research: An Overview 
Convergence is the new buzz word 
these days in science, business, pub-
lic policy and beyond, as evidenced by 
over 5,000 books published recently 
with “convergence” as part of the book 
title according to Amazon.com. Inevita-
bly, convergence means different things 
to different audiences despite Watson 
(2016) mounting convincing evidence 
that convergence is really at the heart of 
scientific progress throughout history. In 
the context of research, we draw primar-
ily on the NSF’s definition (https://www.
nsf.gov/od/oia/convergence/index.jsp) 
and the National Academies’ Report on 
Convergence (NAS, 2014). 
Growing convergence research at the 
U.S. National Science Foundation (NSF) 
was identified in 2016 as one of 10 Big 
Ideas for Future NSF Investments. Con-
vergence research is a means of solving 
vexing research problems - in particu-
lar, complex problems focusing on soci-
etal needs (Bainbridge and Roco, 2016). 
Convergence research typically entails 
integrating knowledge, methods, and 
expertise from different disciplines and 
forming novel frameworks to catalyze 
scientific discovery and innovation. Con-
vergence research is closely related to 
other forms of research that span across 
different disciplines – multi-, inter-, and 
trans-disciplinarity (Figure 1), but also 
has its distinctive meaning. It is the clos-
est to trans-disciplinary research which 
was historically viewed as the pinnacle 
of evolutionary integration across disci-
plines (Bergmann et al., 2012). 
According to NSF and NAS, conver-
gence research must have two primary 
characteristics (Figure 2):
•	 Transdisciplinarity (Figure 1) 
- Deep integration across disci-
plines. As experts from different 
disciplines pursue common re-
search challenges, their knowl-
edge, theories, methods, data, 
research communities and lan-
guages become increasingly in-
termingled or integrated. New 
Figure 1. Multi-, Inter-, and Trans-disciplinarity 
[Source: https://nanohub.org/groups/howpeoplelearnnano/crossdisciplinary_nature_
of_nanotechnology, fair non-commercial use via Creative Commons agreement]
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frameworks, paradigms or even 
disciplines can form sustained 
interactions across multiple com-
munities.
•	 Stakeholder synergy: Research 
driven by a specific and compel-
ling problem that draws togeth-
er academic researchers, policy 
makers and industry partners. 
Convergence research is general-
ly inspired by the need to address 
a specific challenge or opportu-
nity, whether it arises from deep 
scientific questions or pressing 
societal needs. 
Since its inception, the convergence 
paradigm intentionally brings togeth-
er intellectually diverse researchers to 
develop effective ways of communicat-
ing and synergizing across disciplines 
by adopting common frameworks and 
a new scientific language, which may, 
in turn, empower researchers to devel-
op holistic and robust theoretical frame-
works, problem-solving strategies, and 
innovative ways of collaboration in new 
exciting areas of research. 
The continuing explosion of big data 
(both quantitative and qualitative) during 
the past ten years is transforming how we 
can conduct research in multiple fields. 
We strongly believe that data-driven ap-
proach will serve as a catalyst to stimu-
late future convergence research and the 
emerging team science will play increas-
ingly important roles in convergence re-
search due to its mandates on transdisci-
plinarity and stakeholder synergy. 
Convergence Research and Big Data: 
A Team Science Approach
As demonstrated by the convergence 
research projects recently funded by 
NSF (https://www.nsf.gov/od/oia/
convergence/index.jsp), a variety of diverse 
approaches have been proposed and used 
to conduct convergence research, but two
Figure 2. Two-dimensions of Convergence Research 
[Source: NAS, 2014]
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approaches featured prominently in con-
vergence research - data science and team 
science approaches.
Transdisciplinary research by the 4th 
paradigm.
According to Jim Gray at IBM 
(https://jimgray.azurewebsites.net), for 
over two thousand years, science has 
been conducted according to three par-
adigms - empirical science, theoretical 
science and computational science until 
big data exploded onto the scene. The 
availability of big data has transformed 
multiple fields, including physical scienc-
es, medical/health sciences, engineering, 
social sciences, and even humanities. The 
emerging data-driven fourth paradigm 
to conduct basic research provides new 
opportunities to grow convergence re-
search to a new level (Hey et al., 2010). 
Although data science needs new infra-
structure, theoretical framework, and 
domain specific techniques, it is integral 
part and parcel of the fourth industrial 
revolution. 
Through convergence research, the 
rapidly emerging field of data-inten-
sive science (aka eScience) will continue 
to transform the world’s scientific and 
computing research communities and 
inspire the next generation of scientists. 
Increasingly, scientific breakthroughs 
will be powered by advanced comput-
ing capabilities that help researchers 
manipulate and explore massive data-
sets. The speed at which any given sci-
entific discipline advances will depend 
on how well its researchers collaborate 
with one another, and with technologists, 
in areas of eScience such as databases, 
workflow management, visualization, 
and cloud-computing technologies. The 
fourth paradigm of discovery based on 
data-intensive science offers insights 
into how the potential of convergence re-
search can be fully realized.
Stakeholder synergy by team science.
Stakeholder synergy – the integration 
of academia, industry, and government – 
is the second defining characteristics for 
convergence research. To achieve stake-
holder synergy, a team science approach 
is needed. In general, team science is a 
collaborative effort to address a scientif-
ic challenge that leverages the strengths 
and expertise of professionals trained 
in different fields (NAS, 2005b; Wuchty, 
2007). Although traditional single inves-
tigator driven approaches are ideal for 
many scientific endeavors, coordinated 
teams of investigators with diverse skills 
and knowledge may be especially helpful 
for studies of complex social problems 
with multiple causes.
Over the past two decades, there has 
been an emerging emphasis on scientif-
ically addressing multi-factorial prob-
lems, such as climate change, the rise of 
chronic disease, and the health impacts 
of social stratification. This has contribut-
ed to a surge of interest and investment 
in team science. Increasingly, scientists 
across many disciplines and settings 
are engaging in team-based research 
initiatives. These include small and 
large teams, uni- and multi-disciplinary 
groups, and efforts that engage multiple 
stakeholders such as scientists, commu-
nity members, and policy makers (Fiore, 
2008; Disis, 2010). Academic institutions, 
industry, national governments, and oth-
er funders are also investing in team sci-
ence initiatives.
A growing trend within team science 
is cross-disciplinary science in which 
team members with training and exper-
tise in different fields work together to 
combine or integrate their perspectives in 
a single research endeavor. Cross-disci-
plinary team science has been identified 
as a means to engage in expansive stud-
ies that address a broad array of complex 
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and interacting variables. It is seen as a 
promising approach to accelerate scien-
tific innovation and the translation of sci-
entific findings into effective policies and 
practices.
In addition, the science of team sci-
ence (SciTS) is a rapidly emerging field 
focused on understanding and enhanc-
ing the processes and outcomes of team 
science (Stokols et al., 2008). A key goal of 
SciTS is to learn more about factors that 
maximize the efficiency, productivity, 
and effectiveness of team science initia-
tives. A diverse group of scholars con-
tributes to SciTS (Falk-Krzesinski et al., in 
press). They bring conceptual, historical, 
and methodological approaches from a 
wide variety of disciplines and fields, 
including public health, management, 
communications, and psychology. They 
have created measures to assess team 
science processes and outcomes, and to 
influence contextual and environmental 
conditions (Table 1). Applying these mea-
sures can help researchers evaluate team 
science, improve the quality of ongoing 
initiatives, and develop best practices.
Among the multiple insights gained 
from the research in SciTS, we now know 
that interpersonal dynamics among team 
members are the key for the success of a 
team science project. Team members’ col-
laborative skills and experiences can be 
very useful to guide our future efforts of 
data science-driven team science conver-
gence research. In addition, the success 
of team science is influenced by a variety 
of contextual environmental influences 
(Börner et al., 2010). These factors influ-
ence each stage of a scientific initiative, 
with implications for efficiency, produc-
tivity, and overall effectiveness. For ex-
ample, funding trends from government, 
industry, and private foundations can 
exert a huge influence on how research 
is being conducted. The recent empha-
sis by both public and private funding 
agencies on convergence and interdisci-
plinary collaborative projects addressing 
society’s grand challenges will surely fur-
ther stimulate and promote team science 
approaches in science (NAS, 2018). Insti-
tutional infrastructure and resources for 
communication and data sharing are also 
very important. Team processes, includ-
ing the existence of agreements related to 
proprietary rights to data and discovery 
(King and Persily, 2019), as well as mech-
anisms for feedback and reflection, can 
also shape the outcome of team efforts. 
Last but not least, organizational policies, 
such as those relating to promotion and 
tenure, can also significantly incentivize 
or discourage team-based endeavors. 
Institutional Strategies for Promot-
ing Convergence Research: Opportuni-
ties and Challenges 
We have seen many strategies put in 
place with the purpose of facilitating and 
stimulating convergence research and 
Table 1. Major areas of inquiry in SciTS
[Source: Stokols, 2008]
 ▪ Methods and models for the study of 
team science
 ▪ The structure and organization of team 
science, particularly the collaborative 
processes moderated by a variety of 
contextual environmental factors
 ▪ Team characteristics and dynamics, 
such as the elements of effective 
leadership, ideal team composition, and 
communication styles
 ▪ Design and outcomes of training 
programs to support team science
 ▪ Translation of team science findings to 
practice and policy
 ▪ Scientific and societal outcomes of team 
science such as scientific discoveries and 
innovations, knowledge dissemination, 
and long-term public health impacts
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team science in our previous and current 
roles at several institutions. This has pro-
vided us with some empirical evidence 
of how various strategies have fared. But 
empirical evidence has been difficult to 
interpret for several reasons. Sometimes 
it is just simply unclear whether there 
have been positive results. At other times, 
increases in team-based research and 
convergence research have improved, 
but there is no control group that would 
enable one to determine whether the 
strategy that was implemented actually 
caused the improvement. For example, 
we have been at institutions that have cre-
ated research space designed to encour-
age team-based, interdisciplinary, and/
or convergence research. At those institu-
tions, the facilities were populated with 
some of the institution’s most productive 
and collaborative scientists. The research 
programs in those facilities showed great 
success in productivity and collaborative 
research. Yet, it is impossible to answer 
the question whether those highly pro-
ductive scientists became more collabora-
tive, or were more productive, than they 
would have been had they stayed in their 
original facilities. 
Nonetheless, we believe that there are 
multiple golden opportunities to conduct 
team-based convergence research using 
big data right now, but there exist certain 
challenges and barriers we need to over-
come. We’d like to share some of those 
challenges, our experience with a few 
things that we have tried, and the Univer-
sity of Arkansas’s institutional strategies 
to promote convergence research via a 
team-based data science approach. 
Opportunities.
The new digital economy and new 
business models.
The fourth Industrial Revolution 
(Schwab, 2015) is unfolding rapidly in 
front of us, driven by new innovations 
and advances in AI, block chain, cloud 
computing, and data analytics. The econ-
omy will grow increasingly digital and 
be built upon digital platforms. Con-
vergence research will be needed to ad-
dress the pressing issues of this economy 
head-on. At the University of Arkansas, 
we have been implementing several ef-
forts to marshal our resources in this di-
rection including the creation of a center 
of excellence in block chain research, a 
cross-campus data science degree, and 
identifying convergence research in data 
science as an institutional investment.
New funding opportunities from gov-
ernment, industry, and private founda-
tions.
The new digital economy has created 
new demands for data-driven conver-
gence research. The U.S. federal agencies 
have all developed a new data strate-
gy (https://strategy.data.gov). NSF has 
been leading the funding opportunities 
through its Harnessing the Data Revolu-
tion initiative (https://www.nsf.gov/cise/
harnessingdata). NIH has developed a 
similar data science strategic plan (https://
datascience.nih.gov/sites/default/files/
NIH_Strategic_Plan_for _Data_Science_ 
Final_508.pdf) with focus on infrastruc-
ture, analytic tools, data ecosystem, stew-
ardship, and workforce development. 
With the growth of new data-driven 
businesses and the use of data to enhance 
the traditional industry/business, every 
company/business is in the process of de-
veloping a new data strategy (https://www. 
forbes.com/sites/bernardmarr/2019/03/13/
why-every-company-needs-a-data-strat-
egy-for-2019/#3ff319e64cbb). Once 
again, these create new opportunities 
for da-ta-driven convergence research. 
Private foundations and non-profit 
organizations have also increased their 
investments in research related to data 
science and data analytics (https://
www.rockefellerfoun-
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dation.org/blog/introducing-data-sci-
ence-social-impact). 
Potentially major scientific break-
throughs that won’t be accomplished 
otherwise.
We can learn a lot from the natural 
world, or at least find strong metaphors 
in the processes of organismal evolution. 
Ecological systems are often character-
ized by having edge effects. Edge effects 
are changes in population or communi-
ty structures that occur at the boundary 
of two or more habitats.[1] There is often 
a relative explosion of biodiversity that 
occurs in these areas where two or more 
separate eco-systems overlap. Many ma-
jor advances in science occur in the area 
where disciplines overlap. For example, 
these “edge effects” in science have led to 
new fields such as molecular biology and 
biomedical engineering. We believe that 
major advances in the integration of big 
data into convergence research will also 
occur on the “edges” where disciplines, 
approaches, vocabulary, and more over-
lap. By facilitating interactions at the edg-
es, institutions should be able to also fa-
cilitate advances in convergence research.
New opportunities to integrate arts, 
humanities, and social sciences with 
STEM fields.
The promotion of convergence re-
search has further raised broader aware-
ness that all human knowledge are 
branches of the same tree (NAS, 2018). 
We strongly believe the on-going trend to-
wards convergence research also provides 
a golden opportunity to further integrate 
the arts, humanities, and social sciences 
with the traditional STEM fields, espe-
cially for those scholars practicing in the 
emerging digital humanities. Data-driven 
team science approach could potentially 
be added to humanity scholars’ method-
ological repertoire (Dobson, 2019). We are 
fully aware of the on-going debates about 
the future of digital humanities (Gold and 
Klein, 2019) and a major cultural change 
needed for the practice of humanity 
scholarship. One thing we are absolutely 
convinced is that with the increasing au-
tomation and adoption of robotics in ev-
erything we do, we need to find creative 
ways (more than ever) to integrate the arts, 
humanities, and social science with STEM 
fields (Levit, 2018). To us, this integration 
will represent convergence research at its 
highest/deepest levels. 
Challenges.
There are, of course, many challenges 
inherent in our institutions to fully en-
gaging in convergence research. We list 
some of those below.
Academic culture.
Graduate students are generally 
trained to have a primary allegiance to 
a discipline, which carries through to 
the faculty years. The importance of be-
longing to a discipline is enforced or pro-
mulgated in several ways in universities. 
For example, academic departments are 
generally built around disciplines, partly 
because they may need to be for curricu-
lar reasons. Departments are not just an 
administrative unit, though, but become 
like a family unit, where members of the 
department work to garner resources 
for their unit and to foster the success of 
the department and hence the discipline. 
Furthermore, faculty often receive their 
most important rewards from their dis-
cipline (e.g., awards from professional 
societies, grants from discipline specific 
panels, and respect that comes from be-
ing recognized in a discipline). Also, in 
general, the academic culture has focused 
recognition of research on individuals 
generally for their independent research 
contributions (e.g., membership in the 
National Academies, fellows of major so-
cieties, and research recognition awards 
on university campuses), not to teams. 
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Thus, the incentives driving the partici-
pation in convergence research may often 
need to be self-created through personal 
excitement about a specific question or 
collaboration, or because of potential ac-
cess to research funding.
Also, disciplines can create or enforce 
their own culture, like many human so-
cieties, by creating their own vocabulary 
and vernacular for communicating their 
work. The vocabulary can become an 
intentional or unintentional barrier for 
members of other disciplines to integrate 
or collaborate. 
Furthermore, disciplines have evolved 
their own way of collecting and sharing 
data. For example, Hampton et al (2013) 
examined how big data may impact the 
future of the field of ecology. Their me-
ta-analysis indicated that, as a group, 
ecologists tend to design their own exper-
iments to answer specific questions, and 
to a large degree do not have a culture 
of sharing or reusing data. Where data is 
shared in open databases, the vast major-
ity was shared in genetic databases (e.g., 
GenBank)- genetics is a science that has 
been driven in many ways by a culture of 
data sharing.
Costs of maintaining computational 
infrastructure and data storage.
The amount of data is increasing at 
an extraordinary rate. In some fields, we 
now collect more data in a single year 
than had been collected in all of human 
history. This is putting tremendous pres-
sure on the capacity of universities to 
manage data as well as maintaining the 
computational capacity to analyze to sup-
port research computation. Many uni-
versities built their research computing 
infrastructure with heavy support from 
external, often federal, grants. The avail-
ability of these funds has not kept pace 
with the dramatically changing needs for 
storage and computation. Furthermore, it 
has been difficult for many universities to 
develop a sustainable business model to 
support the increasing capacity needed 
for data storage and computation. Part 
of the challenge with storage is deciding 
what data needs to be kept. Physical li-
braries, at least that we know of, do not 
save and catalogue every document ever 
written, at least partly because there is no 
business or operational model that would 
allow that approach to be functional. We 
think that decisions will need to be made 
regarding benefit and cost to ensure opti-
mal storage and use of data, and the cri-
teria that can be applied with respect to 
which data should be saved.
Data science vs. statistical support.
We have both been involved in im-
plementing initiatives to develop data 
science programs. A challenge that we 
observed is the definition of “data sci-
entists” varies among various fields or 
individuals. For example, one of us was 
involved in facilitating the development 
of an institutional partnership that in-
volved biomedical disciplines from one 
campus and computational disciplines 
from another. The biomedical research-
ers demonstrated great enthusiasm for 
the bioinformatics expertise of the com-
putational scientists. But, when digging a 
little deeper, some of the biomedical sci-
entists were excited because they viewed 
the strength in bioinformacticists as a way 
to acquire help analyzing their data - es-
sentially looking for statistical support of 
their research. This was a mismatch for the 
data scientists who focused their research 
on the development of new tools and/or 
the fundamental science of data analysis. 
This created tension in the partnership. 
Although this occurred several years ago, 
the term “data scientist” still means dif-
ferent things to different people, and this 
can inhibit the formation of teams partici-
pating in convergence research.
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Correlation/predictive analytics vs 
cause/mechanism.
Both of us in our current roles as 
provost (Coleman) and vice chancellor 
for research (Sui) are using big data and 
predictive analytics to ask questions and 
to help drive resource allocation. These 
tools are powerful. But we also worry 
that the rapidly growing ability to cor-
relate and tease apart how different vari-
ables are related to each other can lead 
to inappropriate conclusions regarding 
causality. It can be easy to mistake cor-
relation for causality. 
One humorous example of the poten-
tial to confuse correlation and causality 
is the predictive value of ice cream con-
sumption for weight gain over an annual 
period. A big data analysis would show 
that ice cream consumption peaks during 
summer months in the US and declines 
in winter months. Alternatively, weight 
gain follows an almost exact opposite pat-
tern. Weight gain in US population reach-
es a peak in winter months and reaches 
its low point in summer. Thus, it turns 
out that ice cream consumption is in fact 
a great correlative (inverse) predictor of 
weight gain over the course of a year - the 
higher the ice cream consumption the 
lower the weight gain. This is a wonder-
ful conclusion for those of us who love ice 
cream. But, unfortunately, although ice 
cream consumption over the course of a 
year is a great inverse predictor of weight 
gain over a year, it has no causal relation-
ship. Both curves are driven by seasonal 
temperatures and culture. 
As it becomes easier and easier to con-
struct predictive analysis relating vari-
ables, it will also become more and more 
likely that causation and correlation can 
become confused. This can easily lead to 
bad decisions on policy or resource allo-
cation. Furthermore, transdisciplinary re-
search and team science always increase 
the difficulty and complexity of repro-
ducibility and replicability. Also, man-
aging large teams in research projects 
entails new human dynamics, and not all 
teams succeed admirably. In fact, some 
teams end in catastrophic failures. 
Some strategies we have employed.
Both of us have been involved in im-
plementing several strategies to facili-
tate interdisciplinary, transdisciplinary, 
and convergence research in our various 
roles. The results of these various strat-
egies have been either mixed or hard to 
decipher. None of these strategies were 
outright failures. In most every case, the 
strategies facilitated positive outcomes. 
The challenge is determining whether the 
strategy really facilitated changing the 
culture of research, or whether the strate-
gies produced positive outcomes enhanc-
ing research infrastructure or supporting 
the most highly productive, energetic, 
and/or ambitious faculty. And, it is also 
hard to determine whether the resources 
allocated to these initiatives created the 
highest ROI with respect to increasing 
team-based research. We list some strate-
gies that we were involved in implement-
ing along with links to websites describ-
ing some of them for those interested in 
further information: 
a. Designing research facilities to 
facilitate convergence research. 
Examples that we were involved 
with: Bond Life Sciences Center, 
University of Missouri, https://
bondlsc.missouri.edu/ and Biosci-
ence Research Collaborative, Rice 
University, https://brc.rice.edu. 
By any measure, the researchers 
housed in these facilities have 
been successful, and that many 
of the researchers work in col-
laborative teams. These state-of-
the-art of facilities provided great 
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environments for productive re-
searchers. 
b. Seed grant programs to sup-
port interdisciplinary or conver-
gence research: A Chancellor’s 
Research and Innovation Fund, 
funded partially through athlet-
ics revenue, was created at the 
University of Arkansas, https://
chancellorsfund. uark.edu/inno-
vation-and-collaboration. This 
program has seeded several col-
laborations in its first three years, 
and some seed grants have led 
to successful large collaborative 
research proposals. We have fo-
cused the resources on new col-
laborations. We should point out, 
though, the program has not yet 
run long enough to determine the 
return on its investment.
c. Creating interdisciplinary struc-
tures that don’t compete with dis-
ciplinary homes. The Bond Life 
Science Center was designed with 
a specific model around faculty 
lines, space, distribution of funds 
equivalent to indirect cost recov-
ery, and salary savings obtained 
through support of salary by re-
search grants to minimize compe-
tition between departments across 
campus and the center. This mod-
el at least worked at the start of the 
center in facilitating departments 
across campus moving faculty 
into the facility. At the Desert Re-
search Institute (www.dri.edu), 
five disciplinary units (Biological 
Sciences, Earth Science, Energy, 
Atmospheric Science, and Hydro-
logical Sciences) were combined 
into three larger units (Earth and 
Ecosystem, Hydrological Scienc-
es, and Atmospheric Science), and 
the administrative savings were
used to create two interdisciplin-
ary centers, selected through a 
faculty review process, focused 
on bringing teams from across 
disciplines in institute together 
to solve larger issues. The origi-
nal two centers were focused on 
alpine watersheds and arid lands 
environmental restoration. These 
have morphed into different areas 
of strength and need.
d. Interdisciplinary graduate and
post-graduate programs; The
University of Arkansas has six
interdisciplinary graduate pro-
grams that cross department
and college lines (https://gradu-
ate-and-international.uark.edu/
more-information/our-staff/in-
terdisciplinary.php) reporting to
the Graduate School and Interna-
tional Studies that have helped to
support interdisciplinary work.
At Virginia Commonwealth, sev-
eral interdisciplinary Ph.D. pro-
grams were created - one that has
become particularly successful
and distinctive is Media, Art and
Text (https://matx.vcu.edu/).
We are aware that in recent years, 
cluster hiring has been a common prac-
tice among multiple institutions to pro-
mote interdisciplinary collaboration. Al-
though there are positive reports on this 
new practice, cluster hiring has its own 
problems (https://www.aplu.org/ mem-
bers/commissions/urban-serving-uni-
versities/student-success/cluster.html). 
In addition, we believe that the global 
movement towards an open science par-
adigm has and will continue to promote 
convergence research and interdisciplin-
ary collaboration despite renewed em-
phasis on IP protection in the U.S. and 
some other countries. 
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Summary and Conclusion
Multiple grand challenges, ranging 
from dealing with global climate change 
and addressing the widening income and 
health disparity, to fighting terrorism 
and combating misinformation and fake 
news, can’t be resolved by any individual 
discipline. More than ever, we need inter-
disciplinary collaboration and teamwork. 
Following the previous three paradigms 
in empirical, theoretical, and computa-
tional approaches to science, the growth 
of big data and data science are emerg-
ing as the fourth paradigm in the form 
of eScience that could potentially further 
facilitate convergence research, which in 
most cases also call for a team science ap-
proach. New insight from studies of the 
science of team science provide further 
guidance related to the composition, size, 
and leadership of teams. Indeed, there 
are no better times in the history of high-
er education than now to conduct con-
vergence research through big data and 
team science to address grand societal 
challenges that transcend traditional dis-
ciplinary boundaries. 
However, we do want to conclude 
this paper with one caveat - by emphasiz-
ing the need of convergence research and 
interdisciplinary collaboration, we are 
NOT abandoning/marginalizing the tra-
ditional discipline-based research nor in-
dividual-based inquiries. In fact, we need 
more cutting-edge discipline-based work 
in order to be more productive and effec-
tive in our convergence efforts (Jacobs, 
2013). Likewise, by arguing for the need 
of a team science approach and collab-
oration, we do not want to marginalize 
individual-based endeavors. To contrary, 
we believe all research must necessarily 
be conducted individually at some point, 
even for projects involving large teams. 
So, it is not either/or; moving forward, 
we need both discipline-based, individ-
ual research and convergent, team-based 
transdisciplinary endeavors. It has been 
(and continues to be) through the dialec-
tal process of convergent/divergent, dis-
ciplinary/interdisciplinary, individual/
team-based approaches that our research 
enterprise has been propelled to a new 
level for excellence to make our world a 
better place for all. 
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